Background: Self-regulatory capacity involves ability to regulate thoughts, emotions, and behavior. Chronic multisymptom illnesses such as fibromyalgia and chronic fatigue syndrome are accompanied by numerous challenges, and have recently been associated with self-regulatory fatigue (SRF). Chronic multisymptom illnesses are also frequently associated with physical fatigue, and through development of a scale measuring SRF, the current study aimed to examine how SRF can be distinguished from physical fatigue. The study also sought to distinguish SRF from self-control. Methods: Two self-regulation researchers developed 30 items related to self-regulatory capacity. These items were distributed to patients (n = 296) diagnosed with chronic multisymptom illness together with validated measures of physical fatigue and self-control. A principal factor analysis was employed to examine factor structures, identify inter-item relationships, and aid in scale development. Results: The final proposed scale consisted of 18 items measuring self-regulatory capacity (SRF-18) with cognitive, emotional, and behavioral SRF components. Internal consistency and reliability was acceptable (Cronbach's α = 0.81). The final scale was moderately correlated with self-control (r = −0.48) and highly correlated with physical fatigue (r = 0.75), although more so with emotional (r = 0.72) and mental (r = 0.65) than physical (r = 0.46) fatigue components.
Introduction
The ability to self-regulate entails the capacity to control or alter thoughts, feelings, and behavior. Chronic multisymptom illnesses such as fibromyalgia and chronic fatigue syndrome have multifaceted interactions and dysregulations in cognitive, emotional, behavioral, and physiological domains. Coping with and adjusting to these illnesses can be taxing, and successful adaptation may depend on each person's ability to self-regulate. However, self-regulatory capacity appears to be a limited resource, and recent research indicates that patients with chronic multisymptom illnesses may be more prone to selfregulatory fatigue (SRF) compared with pain-free controls. 1, 2 Fatigue of self-regulatory resources, perhaps even chronic SRF, may lead to further difficulties coping with day to day challenges and activities for patients with chronic illness. The current study sought to develop a scale gauging SRF in chronic multisymptom illness, and to show that SRF is a related yet distinct construct from physical fatigue and self-control.
Self-regulation and SRF
Self-regulation refers to any ability to control or change reactions and behavior, 1, 3, 4 and can involve cognitive processes, such as the ability to control thoughts and impulses, set goals, and make decisions; 5 emotional processes, such as being able to regulate moods or feelings; 5 and more behavioral or physiological processes, such as the capacity to activate and get ready for fight or flight, or ability to quiet down, relax, and replenish resources. 2, 5, 6 In essence, self-regulation involves capacity to control, guide, manage, or change thoughts, emotions, or behavior. An abundance of research over the past decade has shown that the ability to self-regulate is a variable and limited resource that might be depleted or fatigued. 1, 2, 6, 9 Self-regulatory efforts such as inhibiting urges, making decisions, or suppressing thoughts or emotions have, for example, been associated with a decreased ability to persist with subsequent tasks, an effect known as self-regulatory "ego" depletion, 1 or SRF.
Self-regulation and chronic multisymptom illness
The demands of chronic multisymptom illnesses such as fibromyalgia and chronic fatigue syndrome cross biopsychosocial boundaries, and these conditions are frequently accompanied by cognitive (ie, worry and rumination about health and the future), emotional (ie, distress, anxiety, and depression), and behavioral (eg, passive coping and difficult interpersonal interactions) challenges, all of which could indicate the presence of SRF, as reviewed by Solberg Nes et al. 10 A recent experimental study supported this notion, because patients diagnosed with fibromyalgia or temporomandibular disorders showed less ability to persist with demanding experimental tasks following self-regulatory effort compared with matched pain-free controls, indicating higher SRF. 2 In essence, selfregulatory demands may be connected to symptoms or selfregulatory deficits seen in chronic multisymptom illness, and the many challenges presented by chronic multisymptom illness may in fact drain self-regulatory resources.
Self-regulatory fatigue, physical fatigue, and self-control
The concept of fatigue has wide ranging aspects, but generally refers to physical tiredness or exhaustion. Fatigue of self-regulatory resources, or SRF, can be expected to overlap with physical fatigue, particularly in populations with chronic multisymptom illness or other chronic or taxing illnesses. However, there are indications that SRF predicts impact above and beyond traditional factors such as physical fatigue. For example, the impact of SRF in chronic multisymptom illness has been seen to be mediated by pain, but not by other factors, such as psychological distress, physical fatigue, or baseline physiological differences, ie, heart rate variability, cortisol, or blood glucose. 2 Similarly, in patients preparing for hematopoietic stem cell transplant, SRF has been incrementally associated with decreased quality of life, use of avoidance coping strategies, and decreased adherence with physicians' recommendations after controlling for pain severity, physical fatigue, and depression. 11 These findings support the notion that patients with taxing illnesses such as chronic multisymptom illness and hematologic malignancy may in fact suffer from SRF, perhaps chronically so, above and beyond the effects of traditional factors such as physical fatigue.
The concept of self-regulation entails or overlaps with self-control, and the terms of self-regulation or depletion and self-control are at times even used interchangeably. Like self-control, self-regulatory resources likely involve state as well as trait capacity, both with associations to impulsivity and persistence. However, whereas SRF in healthy populations can be predicted to impact short-term tasks intermittently (eg, work, school, exercise, dieting) that depend on self-control and impulse control, SRF in populations with chronic illness likely has a more persistent, profound, and wide ranging impact, as reviewed by Solberg Nes et al, 10 and may possibly be linked to self-control, particularly trait self-control, to a lesser degree.
Current study
Self-regulatory capacity or fatigue has so far mainly been measured through experimental (ie, laboratory) tasks, usually involving two consecutive, seemingly unrelated tasks of self-control. 1 A few studies have aimed to develop specific self-regulation scales. For example, the self-regulation questionnaire 12 sought to measure self-regulation in the form of ability to develop, implement, and maintain planned behavior, focusing on goal achievement, eg, "I'm usually careful not to overdo it when I'm working, eating, drinking" and "I have a hard time setting goals for myself." The State Ego Depletion Scale 13 is another scale related to self-regulation, and seeks to measure state resource depletion in college undergraduates, eg, "Right now, it would take a lot of effort for me to concentrate on something" and "I can't absorb any more information." SRF has also been measured by identifying and extracting items related to self-regulatory control and fatigue in existing psychological scales gauging adjustment and well-being. 11 However, to our knowledge, no established or widely used scale measuring SRF exists at this point, and no scale has so far measured self-regulatory resources in chronic multisymptom illness. The purpose of the current study was to develop and validate a new scale index of general selfregulatory capacity, and to examine whether such a scale can establish SRF as a construct distinct from physical fatigue and self-control in populations with chronic multisymptom illnesses and similar or related taxing conditions.
Materials and methods

Procedure overview
This study was approved by the Mayo Clinic institutional review board. By thorough examination of the existing literature on self-regulation, 1-10,14 a total of 30 items were developed reflecting aspects of self-regulatory capacity. The focus at this stage was on identifying items reflecting general self-regulatory capacity in terms of cognitive, emotional, and behavioral aspects of self-regulation. All items were on a five-point Likert scale (1 = strongly disagree and 5 = strongly agree). This initial scale was then administered to a large sample of patients who had previously been diagnosed with fibromyalgia, chronic fatigue syndrome, or both.
Given the noted links and overlap between SRF, selfcontrol, and physical fatigue, the new 30-item scale was distributed together with existing validated scales reflecting self-control and physical fatigue in order to examine convergent validity and differentiate the scale from associated constructs. A validated, unrelated scale of dispositional optimism was also included in order to examine discriminant validity.
Participants
All measures (a total of 80 items) were mailed to a sample of 1000 patients previously seen in the Mayo Fibromyalgia and Chronic Fatigue Clinic (ie, between 2001 and 2004) who had consented to be a part of a larger study described elsewhere. [15] [16] [17] Surveys were only mailed once and no reminder surveys or reminder phone calls were utilized in the study. Of the 1000 surveys mailed, 296 were completed and returned, 35 patients indicated they did not wish to participate, and 84 surveys were returned to sender due to an incorrect address. Participants (n = 296) were aged 21-83 (median 54) years and 93.6% were female. The majority of participants were Caucasian (87.8%), 0.7% were Black, 1% reported ethnicity as "other," and 10.5% of participants did not report ethnicity.
Measures Brief Self-Control Scale
The Brief Self-Control Scale 18 is a one-item abbreviation of the 36-item Self-Control Scale 18 which aims to measure five domains of self-control, including controlling thoughts, emotions, impulses, regulating behavior/performance, and breaking habits (eg, "I am lazy," "People would say that I have iron self-discipline," and "I am able to work effectively toward long-term goals"). Items are scored on a five-point Likert scale (1) (2) (3) (4) (5) . The Brief Self-Control Scale has acceptable internal reliability at α = 0.83-0.85 and test-retest reliability at r = 0.87. 18 
Multidimensional Fatigue Symptom Inventory: Short Form
The Multidimensional Fatigue Symptom Inventory: Short Form (MFSI-SF) 19 is a 30-item short form of the MFSI, 20 yielding only scores for the empirically derived subscales of the MFSI. The MFSI-SF is designed to assess principal manifestations of fatigue, including general, physical, emotional, and mental manifestations, as well as vigor, which is an estimate of the patient's energy level, eg, "I feel lively," "My muscles ache," "I am worn out," and "I feel refreshed." Items are scored on a five-point Likert scale (0-4). Research suggests that the MFSI-SF has acceptable psychometric properties (internal consistency α . 0.70, reliability r . 0.70).
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Life Orientation Test-Revised
Dispositional optimism was measured using the Life Orientation Test-Revised (LOT-R), 21 a 10-item measure of generalized positive outcome expectancies. In this questionnaire, three items are phrased positively ("In uncertain times, I usually expect the best"), three negatively ("If something can go wrong for me it will"), and four are filler items that do not contribute to the total optimism score. Items are scored on a five-point Likert scale (1) (2) (3) (4) (5) . The LOT-R has acceptable internal consistency (0.78) and construct validity with regard to related constructs. 21 
Statistical analyses
A principal factor analysis with oblique rotation 22, 23 was employed to examine possible factor structures and identify specific items for a new scale measuring and reflecting submit your manuscript | www.dovepress.com Dovepress Dovepress self-regulatory capacity or fatigue. Factor loadings of r = 0.7 or above are generally considered high, while loadings of r = 0.4 or below are generally considered lower. 22 In the current study, we excluded items that loaded with less than r = 0.4 on any factor. Items with weak loadings (ie, r , 0.4) and items that were highly correlated (ie, indicating item redundancy) were discarded. In addition to examining internal consistency via Cronbach's α for the final scale, further evidence for the validity of the scale was examined via correlations with the relevant instruments related to physical fatigue, self-control, and dispositional optimism.
Results
Factor analysis of the initial 30 items, including further analysis with examination of the scree plot and the pattern matrix, indicated a unidimensional construct. Five items (ie, "I worry and ruminate a lot about my life," "I find it difficult to pay attention," "I feel relaxed," "I feel so restless I can't do anything," and "I remain calm in tense situations") had loadings less than 0.4 and were discarded from further analysis. The remaining 25 items loaded with a Cronbach's α = 0.91, suggesting high internal consistency and reliability. However, such a high alpha reliability may indicate redundant items, 24 and further examination of the items revealed high correlations (ie, 0.6 or higher) between some of the remaining items. Seven items (ie, "I feel like giving up on tasks or scheduled events," "I have difficulties concentrating," "I find it easy to organize and plan my days and activities," "Everything I do is an effort," "I'm having a hard time keeping up with all my appointments," "I'm feeling blocked in doing things," and "I feel nervous and restless") with high correlations to other scale items but lower factor loadings than related items were subsequently removed from the scale. The final scale contained 18 items (SRF-18; see Table 1 ). Internal consistency reliability for the scale was α = 0.81, demonstrating an adequate level of reliability. 24 The obtainable score range for the final scale was 18-90, with higher numbers reflecting higher SRF. The final scale could also be seen as having three subscales, with six items related to cognitive control (α = 0.62), seven items related to emotional control (α = 0.75), and five items related to behavioral control (α = 0.56), as shown in Table 1 , which also gives the means, standard errors, and standard deviations for each item in the final SRF-18 scale.
Part of the study aim was to establish SRF as a construct distinct or incremental to physical fatigue and self-control in this population. The final scale (ie, SRF-18) was moderately ) and highly correlated with an existing measure of fatigue (r = 0.75; MFSI-SF 19 ), suggesting acceptable convergent validity (see Table 2 ). Of note, the final scale was more highly correlated with the emotional (r = 0.72) and mental (r = 0.65) than the physical (r = 0.46) fatigue components of the MFSI-SF, supporting the notion that the new self-regulatory capacity scale measures a construct related to, yet likely incremental to, physical fatigue. The SRF-18 was also moderately associated with dispositional optimism (r = −0.52, LOT-R). 21 The final full scale is listed in Table 3 .
Even though the majority of participants in this study were female, gender did not impact outcome in a statistically significant manner. Range on outcome scales was generally smaller in the male sample (SRF, 34-72 male versus 28-80 female; Brief Self-Control Scale, 21-56 male versus 24-65 female; MFSI-SF, 38-103 male versus 13-116 female; LOT-R, 13-29 male versus 6-30 female). However, the means and standard deviations were similar or slightly larger in the males, with no statistically significant difference between male (n = 19) and female (n = 277) samples.
Discussion
Recent research supports translation of the SRF construct from a laboratory paradigm to the clinical setting. Although a few studies have sought to develop self-report measures assessing self-regulation (or state ego-depletion), 12, 13 no established or widely used scale specifically measuring SRF exists to our knowledge at this point. The current analyses yielded a scale suggesting reliability and validity in this sample, with items reflecting overall self-regulatory capacity or SRF. Even though further research and cross-validation is necessary, such a scale could be used to research further the role of SRF in the course of chronic illness, including treatment response and intervention.
Our results support acceptable internal consistency and reliability for the SRF-18 (Cronbach's α = 0.81), and the 18 final items convey a range of self-regulatory capacity, including components of cognitive, emotional, and behavioral SRF. Self-regulatory capacity or fatigue is associated with self-control as well as physical fatigue, and well established measures of these constructs (ie, the Brief Self-Control Scale and MFSI-SF) were included in the study to examine convergent validity. As expected, the SRF-18 was moderately correlated with self-control (r = −0.48) and highly correlated with physical fatigue (r = 0.75). The SRF-18 was more significantly linked to the emotional (r = 0.72) and mental (r = 0.65) than the physical (r = 0.46) fatigue components of the MFSI-SF. Recent research indicates that SRF can predict outcomes above and beyond traditional factors such as physical fatigue, 2,11 and the current study supports this notion.
Self-regulation as state or trait
Self-regulatory resources likely involve state as well as trait capacity, and a new scale measuring SRF should aim to capture facets of both. State SRF is evident when higher SRF is displayed following tasks requiring self-regulatory effort, eg, attention focus. 1 Trait SRF, on the other hand, might be seen through individual differences. For example, resting physiology such as heart rate variability, blood glucose, and cortisol levels have predicted later subsequent self-regulatory strength or fatigue. 2, 6, 25 In the current study, items related to both trait (eg, "I handle stress well" and "I rarely get frustrated") and state (eg, "I feel moody" and "I have difficulties remembering things") SRF are represented.
An assumed unrelated measure of dispositional optimism was included in the analyses aiming to establish the discriminant validity of the new scale. Rather unexpectedly, the SRF-18 correlated significantly but negatively (r = −0.51) with the personality measure of dispositional optimism. Although unpredicted, these results do support recent research indicating that individual differences in personality (eg, trait optimism) may play a role in the concept or manifestation of SRF. 26 However, evidence for the impact of personality on SRF is still somewhat unclear, because optimism and conscientiousness were found to be beneficial for engagement and persistence in that study only when not combined with self-regulatory effort. 26 Further research examining the state versus trait aspects of self-regulatory capacity is warranted, and the SRF-18 has the potential to be of aid in this quest. Impulse control plays an essential role in the concept of self-regulation. When capacity to self-regulate appears limited, so does ability to control impulses. 27 There has been some discussion as to whether the concept of self-regulation is simply a question of impulse control. However, although overlapping, these are distinct constructs. For example, when believing that state of affect was not changeable, no lapse in impulse control, eg, eating fatty food, seeking immediate gratification, and procrastinating, took place. 28 In chronic multisymptom illness, SRF may involve difficulties controlling impulses, such as breaking a healthy diet, but also entails challenges, such as finding it difficult to engage in interpersonal social activities. 10 
Self-regulation and chronic illness
Multiple factors can impact the perception and course of chronic multisymptom illness, but ability to cope with stressors may play an important role. Most active coping strategies aiming to manage or solve problems involve cognitive, emotional, or behavioral effort, and hence depend on self-regulatory strength. For example, actively trying to cope with stress has been linked with relapses for people dieting, or trying to quit smoking or drinking. [29] [30] [31] [32] [33] Patients with chronic multisymptom illness often engage in passive coping strategies focused on avoiding or disengaging from unpleasant activities, [34] [35] [36] which may be an indication of SRF, and again could explain why treatments and interventions for chronic multisymptom illnesses at times are associated with high degrees of attrition, ranging from 38% to 87%. [37] [38] [39] [40] [41] If patients with chronic multisymptom illness are experiencing SRF due to overwhelming illness-related demands, they may not have the strength to invoke active coping strategies, or if they do, they may not have the energy to persist with such. Early detection of SRF and interventions aimed at increasing self-regulatory capacity and aid with coping are essential, 42 whether such interventions build on aspects from current established therapies, such as cognitive behavioral therapy, or are developed focusing more specifically on improving self-regulatory capacity. A scale such as the SRF-18 may be of great value for clinicians and patients alike when aiming to detect and intercept SRF and improve self-regulatory capacity.
Limitations and future directions
Development of initial items for the new scale was undertaken by two researchers trained in the field of self-regulation. It would have been helpful to base item development and selection on an existing validated SRF scale developed for the general population, but because development of such scales is still at an early stage, we based item development on hypotheses and tasks from existing laboratory selfregulation studies. Future research should distribute the scale to additional samples of patients with chronic multisymptom illnesses as well as healthy participants in order to validate the scale construction further and test the scale in the general population as well as in patients with chronic or severe illness. It could also be useful to administer the scale to a sample of patients and healthy controls who are 24 recommended a minimum of 300 respondents be assessed at the first major stage of scale development, and factor analysis and final item selection for the study were based on responses from a sample of 296 patients diagnosed with fibromyalgia and/or chronic fatigue syndrome. The research indicates that self-regulatory capacity can be improved by practice and exercises (see Oliver et al 40 for a review), perhaps even achieving less vulnerability to SRF. Considering this and the adverse effect that SRF may have on coping, quality of life, and perhaps even adherence to medical recommendations in populations with chronic illnesses, interventions improving self-regulatory capacity or decreasing SRF may be essential. Future research should therefore keep this concept in mind, assess for the degree of SRF either through laboratory experiments or selfreport measures (eg, the SRF-18), and also seek to develop and implement interventions aiming to limit or manage SRF and improve self-regulatory capacity.
Conclusion
The results of the current study support the notion that the construct of SRF translates into self-report measures in the setting of chronic multisymptom illness. The proposed self-regulation scale contains items related to cognitive, emotional, and behavioral self-regulatory control, adding to the concept of self-regulatory capacity as an ability to control internal, external, mental, and physical activities. The study also supports the notion of SRF as a related yet separate construct from physical fatigue and general self-control. A validated scale measuring self-regulatory capacity such as this has the potential to guide researchers and clinicians in how to understand better the concept of self-regulation and the impact of SRF on a variety of populations. A measurement such as the SRF-18 may also eventually contribute to a better understanding of how SRF can be detected, managed, or decreased, and aid to improve self-regulatory capacity for patients suffering from challenging conditions such as chronic multisymptom illnesses.
